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RIELRPHGLFDODSSOLFDWLRQVQDRVWUXFWXUHVPXVWEHZDWHUGLVSHUVLEOHDQGELRFRPSDWLEOHEXWJHQHUDOO\ LURQDQG]LQF
EDVHGQDQRVWUXFWXUHVDUHQRWGLVSHUVLEOHLQZDWHUDQGGLVSHUVLELOLW\IRUVXFKQDQRVWUXFWXUHVFDQEH HQKDQFHG WKURXJK
VXUIDFHPRGLILFDWLRQE\K\GURSKLOLFPROHFXOHV VXFKDV'06$ &KHQHWDO 6LOLFD -DQDHW DO  '+$
GHK\GURDVFRUELF DFLG DQR[LGL]HG IRUPRI DVFRUELF DFLG LV K\GURSKLOLF ELRORJLFDOO\ LPSRUWDQWPROHFXOH IRXQGV
DOPRVWLQDOOOLYLQJEHLQJ,QKXPDQV\VWHPLWSDUWLFLSDWHLQYDULRXVELRORJLFDOUHDFWLRQRFFXUULQJRQFHOOOHYHOLWFDQ
SHQHWUDWH WKHEORRGEUDLQEDUULHU %%%E\PHDQVRI*/87 DJOXFRVH WUDQVSRUWHUV DQG LW LV D%%%SHQHWUDEOH
IRUPRIDVFRUELFDFLG7KHVH LPSRUWDQWFKDUDFWHULVWLFSURSHUWLHVRI'+$VXJJHVW WKDW'+$ LQFRUSRUDWHG]LQFDQG
LURQEDVHGQDQRVWUXFWXUHZLOOEHYHU\XVHIXOIRUELRORJLFDOLPDJLQJDVZHOODVEUDLQWDUJHWHGELRORJLFDODSSOLFDWLRQV
++RQJHWDOKDVDOUHDG\H[SORUHGDSSOLFDWLRQRIIOXRUHVFHQWFKDUDFWHULVWLFRI=Q2QDQRVWUXFWXUHIRURSWLFDO
LPDJLQJ RI FDQFHU FHOOV DQG & <DR HW DO  KDV LOOXVWUDWHG WKHPDJQHWLF SURSHUW\ RI =Q)H2 QDQRVWUXFWXUH
ZKLFKFDQEHXVHG WRJHQHUDWHFRQWUDVW LQ05, LPDJHV ,QSUHVHQW ZRUNZH UHSRUWHG VLPSOHDTXHRXV V\QWKHVLVRI
'+$ LQFRUSRUDWHG ZDWHUGLVSHUVLEOH=Q2=Q)H2 QDQRVWUXFWXUHVVXLWDEOH IRU ELRORJLFDO LPDJLQJ05, DVZHOODV
RSWLFDO LPDJLQJ DQG ELRORJLFDO DSSOLFDWLRQ
 0DJQHWLF5HVRQDQFH,PDJLQJ05,DQG(TXDWLRQ





WLPH UHVSHFWLYHO\  05, LPDJHV DUH JHQHUDOO\ UHFRUGHG LQ WZR PRGHV RQH LV 7 ZHLJKWHG LPDJHV ZKLFK SXUHO\
GHSHQGVRQ7 QRWRQ7DQGDQRWKHULV7 ZHLJKWHGLPDJHZKLFKSXUHO\GHSHQGVRQ77 DQG7 ZHLJKWHGLPDJHV
FDQEHDFKLHYHGE\PLQLPL]LQJLWVFRXQWHUZHLJKWHGWHUPVDVVKRZQLQHTXDWLRQZLWKWKHVHOHFWLRQRIDSSURSULDWH
YDOXHRI75DQG 7(HJIRU7 ZHLJKWHGLPDJH7 ZHLJKWHGWHUPLVPLQLPL]HG
,QFRUSRUDWLRQRIPDJQHWLFPDWHULDOFDOOHGDV05,FRQWUDVWDJHQWVXFKDVPDJQHWLFQDQRSDUWLFOHVLQWRWKHVDPSOH
FDQ JHQHUDWH D ORFDOPDJQHWLF ILHOG DQGPDJQHWLF ILHOG LQKRPRJHQHLW\ DURXQG WKH + QXFOHL RI WKH VDPSOHZKLFK
UHGXFHUHOD[DWLRQWLPHV7 DQG7RI +QXFOHLDQGHQKDQFHWKHFRQWUDVW LQ7 DQG7 ZHLJKWHGLPDJHV,WFDQEH
QRWLFHG IURP HT  WKDW WKH YDOXH RI 7 ZHLJKWHG WHUP LQFUHDVHV ZKLOH 7 ZHLJKWHG WHUPV GHFUHDVHV ZLWK WKH
GHFUHDVH RI 7 DQG 7 YDOXH ZKLFK JHQHUDWH D FRQWUDVW LQ 05, LPDJHV E\ HQKDQFLQJ WKH LPDJH LQWHQVLW\ LQ 7
ZHLJKWHGLPDJHDQGUHGXFLQJLPDJHLQWHQVLW\LQ7 ZHLJKWHGLPDJHDQGWKLVLVWKHZK\7 ZHLJKWHG05,FRQWUDVWLV
FDOOHGYHFRQWUDVWZKLOH7 ZHLJKWHGLVFDOOHG ±YHFRQWUDVW7KHYDULDWLRQRIUHOD[DWLRQWLPHV7 DQG7GHSHQGV







7LF DQG7L L  RUDUHUHOD[DWLRQWLPHRIVDPSOHDWF FRQFHQWUDWLRQDQG]HURFRQFHQWUDWLRQRIFRQWUDVWDJHQWDQG
UL LV WKH UHOD[LYLW\ RI WKH FRQWUDVW DJHQW ZKLFK UHSUHVHQWV D TXDQWLWDWLYH PHDVXUHPHQW RI FRQWUDVW SURSHUW\ RI WKH
PDWHULDO
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0(5&. ,QGLD $QK\GURXV IHUULF FKORULGH )H&O DQG /DVFRUELF DFLG $$ ZHUH REWDLQHG IURP VLVFR UHVHDUFK
ODERUDWRU\,QGLD
 6\QWKHVLVRI'+$=Q2=Q)H2 QDQRVWUXFWXUHV
'+$=Q2=Q)H2 QDQRVWUXFWXUHVZHUHSUHSDUHG LQ DTXHRXVPHGLXPE\ K\GURWKHUPDOPHWKRG7R V\QWKHVL]H
=Q2=Q)H2 QDQRVWUXFWXUHVPO0=Q62+2DQGPO0)H&O DTXHRXVVROXWLRQZHUHPL[HGDQGS+
RIPL[WXUHZDVDGMXVWHG WRPOP0DTXHRXVVROXWLRQRI$$ZHUHDGGHG WR WKHPL[WXUHDQGPL[WXUHZDV
WUDQVIHUUHG WRK\GURWKHUPDO WHIORQERPE UHDFWRUZLWKRXWDQ\ VWLUULQJDQG UHDFWLRQZDVFDUULHGRXWDW & IRU
KRXUV 6\QWKHVL]HG EODFNLVKEURZQ QDQRVWUXFWXUHVZHUHVHSDUDWHGE\DUDUHHDUWKPHWDOPDJQHW ZDVKHG WLPHV ZLWK
GLVWLOOHGZDWHU DQGIXUWKHUE\HWKDQRODQGREWDLQHGQDQRVWUXFWXUHVZHUHGULHGXQGHUYDFXXPDW &IRUKRXUV
 &KDUDFWHUL]DWLRQ
;5D\ 'LIIUDFWLRQ SDWWHUQ ZDV UHFRUGHG RQ 5LJDNX 0LQLIOH[ ,, )'  ;UD\ GLIIUDFWRPHWHU DW URRP
WHPSHUDWXUH LQDQDQJXODUVFDQQLQJUDQJHRIș IURP WR7(0 WUDQVPLVVLRQHOHFWURQPLFURVFRSH LPDJHV
ZHUHFROOHFWHGRQD-(2/-(0PLFURVFRSH)7,5)RXULHU7UDQVIRUP,QIUD5HGVSHFWUDZHUHUHFRUGHG LQWKHUDQJH
RI±FP E\D3HUNLQ(OPHU*;VSHFWURSKRWRPHWHUXVLQJ.%U7RFKDUDFWHUL]HWKH05,FRQWUDVWEHKDYLRURI
WKH'+$=Q2=Q)H2 QDQRVWUXFWXUH 7 DQG7 ZHLJKWHG05, LPDJHV RIQDQRVWUXFWXUHGLVSHUVHGZDWHUSKDQWRPV
KDYLQJFRQFHQWUDWLRQ DQGSSP$%&DQG' XVLQJVSLQHFKR05,SXOVHVHTXHQFH ZHUHDFTXLUHG




SODQHVRI=Q2-&3'6 ZKLOHRWKHUSHDNZHUH LQGH[HG WR WKH    SODQHVRI
=LQFIHUULWH-&3'66HOHFWHGDUHDHOHFWURQGLIIUDFWLRQ6$('ULQJVVKRZQLQ ILJXUHE ZHUHDVVLJQHG
FRUUHVSRQG WR WKH     SODQHV RI=Q2 DQG     HWF RI=Q)H2 SKDVH
ZKLFKUHYHDOVWKHIRUPDWLRQRI=Q2=Q)H2 FU\VWDOOLQHVWUXFWXUHV)LJXUHDVKRZV7(0LPDJHZKLFKUHSUHVHQWV
WKDWV\QWKHVL]HGPDWHULDOVLVQDQRVWUXFWXUHDQGKDYHSDUWLFOHVVL]HVEHORZQPIRUWKHLUERWKFRQVWLWXWLQJSKDVHV
)LJXUH ;5' SDWWHUQ RI V\QWKHVL]HG '+$=Q2=Q)H2QDQRVWUXFWXUH VKRZLQJ WKH SUHVHQFH
GLIIUDFWLRQSHDNVFRUUHVSRQGWRYDULRXVSDODQHVRI=Q2PDUNHGZLWKDQG=Q)H2 SKDVHV
201 Hariom Gupta et al. /  Procedia Materials Science  5 ( 2014 )  198 – 203 
)LJXUHVKRZVWKH)7,5VSHFWUDRIV\QWKHVL]HGQDQRVWUXFWXUHV,5EDQGDWWULEXWHGDWFP DQGFP DUHDVVLJQHGWR=Q±2LQWHWUDKHGUDO
SRVLWLRQ DQG )H±2 VWUHWFKLQJ LQ RFWDKHGUDO SRVLWLRQ UHVSHFWLYHO\ ZKLFK DUH WKH FKDUDFWHULVWLF VWUHWFKLQJ EDQG RI WKH =Q)H2 QDQRSDUWLFOHV
FRQILUPVWKHIRUPDWLRQRIWKH=Q)H2)XHWDO$EDQGREVHUYHGDWFP LVFRUUHVSRQGLQJWR=Q±2VWUHWFKLQJEDQGRI=Q2%DXHUPDQQHWDO
)LJXUH  )7,5 VSHFWUD UHSUHVHQWLQJ SHDNV FRUUHVSRQG WR
FKDUDFWHULVWLFYLEUDWLRQPRGHVRI=Q2=Q)H2 QDG'+$
)LJXUH 89YLV 6SHFWUD UHSUHVHQWLQJ D FKDUDFWHULVWLF DEVRUSWLRQ
EDQGRI=Q2DWWKHZDYHOHQJWKQP
7KH SUHVHQFH RI WKH FKDUDFWHULVWLF EDQGV RI =Q2 DQG =Q)H2 IXUWKHU FRQILUPV WKH IRUPDWLRQ RI =Q2=Q)H2
QDQRVWUXFWXUHV 7ZR ZHDN EDQGV REVHUYHG DW  DQG  FP DUH GXH WR DV\PPHWULF DQG V\PPHWULF &+
VWUHWFKLQJYLEUDWLRQRI'+$8QDO HWDO  7KH& 2VWUHWFKLQJEDQGVRIRUJDQLFDFLGFRPHVDW&P$EDQG
SUHVHQWDWFP LVDVVLJQHGWR& 2VWUHWFKLQJRI'+$DQGVKLIWLQJRI WKH& 2VWUHWFKLQJIURPFP WR
 FP LV GXHELQGLQJRI& 2ZLWK=Q DQG)HPHWDOZKLFK FRQILUPV WKHELQGLQJRI'+$ZLWK WKURXJK& 2
JURXS7KHELQGLQJRIK\GURSKLOLF'+$PROHFXOHZLWK=Q2=Q)H2 LPSDUWVWKHPZDWHUGLVSHUVLELOLW\WKHLUZDWHU
GLVSHUVLELOLW\DQGPDJQHWLFEHKDYLRUGXHWR=Q)H2 LVVKRZQ
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)LJXUH  7 DQG 7 ZHLJKWHG LPDJLQJ DQG WKHLU UHOD[LYLW\ DQDO\VLV RI '+$=Q2=Q)H2 QDQRVWUXFWXUHV GLVSHUVHG ZDWHU SKDQWRP KDYLQJ
QDQRVWUXFWXUHFRQFHQWUDWLRQ$%&SSP'7KHLQFRUSRUDWLRQRI1DQRVWUXFWXUHVKRZVDQHIIHFWLYHFRQWUDVWHQKDQFHPHQW
GHFUHDVH LQ LQWHQVLW\ LQ 7 ZHLJKWHG LPDJH D ZLWK UHOD[LYLW\ YDOXH  SSPP6 E DQG TXLWH OHVV FRQWUDVW HQKDQFHPHQW LQFUHDVH LQ
LQWHQVLW\LQ7 ZHLJKWHGLPDJHFZLWKUHOD[LYLW\YDOXHSSPP6
7 DQG 7 ZHLJKWHG LPDJLQJ DQG WKHLU UHOD[LYLW\ DQDO\VLV RI '+$=Q2=Q)H2 QDQRVWUXFWXUHV GLVSHUVHG ZDWHU
SKDQWRPKDYLQJQDQRVWUXFWXUHFRQFHQWUDWLRQ$%&SSP'DUHVKRZQLQILJXUH,WFDQEH
QRWLFHGIURPILJXUHWKDWWKHVHQDQRSDUWLFOHVJHQHUDWHDQHIILFLHQWFRQWUDVWHQKDQFHPHQWUHGXFWLRQLQ LQWHQVLW\LQ
7 ZHLJKWHG LPDJH ILJXUH D DQG TXLWH OHVV FRQWUDVW HQKDQFHPHQW LQFUHDVH LQ LQWHQVLW\ LQ 7 ZHLJKWHG05,
LPDJHV )LJXUHFZLWK WKH LQFUHDVHRI QDQRVWUXFWXUH FRQFHQWUDWLRQ  ,QRUGHU WRXQGHUVWDQGTXDQWLWDWLYH FRQWUDVW
SURSHUW\ IRU WKLV QDQRVWUXFWXUH D 7 DQG 7UHOD[LYLW\ DQDO\VLV ZDV SHUIRUPHG 7 7 UHOD[LYLW\ YDOXHV IRU
'+$=Q2=Q)H2 QDQRVWUXFWXUHV ZHUH GHWHUPLQHG E\ ILWWLQJ WKH FXUYHV RI 7 7 YHUVXV QDQRVWUXFWXUH
FRQFHQWUDWLRQ WR HTXDWLRQ  DQG IRXQG WR EH  SSPP6 IRU 7 ZHLJKWHG DQG  SSPP6 IRU 7
ZHLJKWHGZKLFKUHYHDOV WKDW'+$=Q2=Q)H2 QDQRVWUXFWXUHVZRUNVHIIHFWLYHO\DV7FRQWUDVW$VPDOO UHOD[LYLW\
YDOXH IRU 7 ZHLJKWHG VXJJHVWV WKDW WKLV QDQRVWUXFWXUH LV QRW FDSDEOH WR JHQHUDWH 7 FRQWUDVW DQG WKLV LV ZK\ D
VLJQLILFDQWFRQWUDVWHQKDQFHPHQWZDVQRWREVHUYHGLQ7 ZHLJKWHGLPDJH
 &RQFOXVLRQ
,Q VXPPDU\ '+$=Q2=Q)H2 QDQRVWUXFWXUHV KDYH EHHQ VXFFHVVIXOO\ V\QWKHVL]HG E\ VLPSOH K\GURWKHUPDO
PHWKRG ;5' DQG 7(0 DQDO\VLV VKRZV IRUPDWLRQ RI ZHOO FU\VWDOOLQH =Q2=Q)H2 QDQRVWUXFWXUHV KDYLQJ VL]H
EHORZQP'+$R[LGL]HGIRUPRI$$ELQGVZLWKQDQRVWUXFWXUHVXUIDFH ZKLFKHQKDQFHK\GURSKLOLFFKDUDFWHURI
QDQRVWUXFWXUHDQG LQFUHDVHWKHLUGLVSHUVLELOLW\LQZDWHU05,DQDO\VLVVKRZVWKDW '+$=Q2=Q)H2 QDQRVWUXFWXUHV
KDV 7 ZHLJKWHG 05, FRQWUDVW SURSHUW\ 6LQFH '+$ FDQ SHQHWUDWH WKH %%% WKHQ '+$ VXUIDFH PRGLILHG
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